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Previews
cellular ligand-mediated signaling pathways such as“Tie-ing” down the
Notch, Wnt, receptor tyrosine kinases (RTK), and othersHematopoietic Niche in the regulation of HSC fates. However, it has been
difficult to integrate these cellular and molecular obser-
vations and to directly demonstrate that particular sig-
naling pathways are actually triggered by molecules pro-
Interaction of hematopoietic stem cells (HSCs) with duced by the osteoblasts or other components of HSC
their particular microenvironment, or niche, is critical niches. In studies reported in this issue of Cell, Arai
for adult hematopoiesis in the bone marrow (BM). Arai and colleagues provide an elegant example of such an
et al. (this issue of Cell) demonstrate that HSCs that integrated approach (Arai et al., 2004). Building on previ-
express the receptor tyrosine kinase Tie2 are quies- ous observations, these investigators show that the RTK
cent. Ang-1, the ligand for Tie2, enhanced the ability Tie2 and its cognate ligand Angiopoietin-1 (Ang-1) are
of HSCs to become quiescent and also induced their part of a key signaling interaction between HSC and
adhesion to bone, protecting them from stresses that sub-endoesteal osteoblasts. Furthermore, they provide
suppress hematopoiesis. These data suggest that the evidence that this signaling pathway is functional in situ
Ang-1/Tie2 signaling pathway plays a crucial role in by demonstrating that Tie2-expressing HSC and Ang-
the maintenance of HSCs in a quiescent state in the 1-expressing osteoblasts are in close contact. Key to
BM niche. all studies of this kind is the ability to rigorously identify
the HSC in situ. The authors employ a battery of cellular
and functional criteria to accomplish this. First, theyStem cells in any organism or tissue share a fundamental
clearly demonstrate that Tie2 expression segregatesability to balance self-renewal and commitment to differ-
with a small population of cells that possess an HSCentiation. This ability is controlled by a combination of
surface marker profile and effectively export the vitalcell-intrinsic and external regulatory mechanisms. His-
dye Hoechst (side population or SP cells). Second, theytorically, most emphasis has been placed on character-
rigorously demonstrate that the Tie2-expressing cellsizing the intrinsic cellular and molecular properties of
function as HSC in a transplantation context. Third, thestem cells. In recent years, attention has shifted to the
authors show that these cells are quiescent. Finally, theyniches or microenvironments where stem cells reside in
show that these cells are resistant to a myelosuppres-situ. Blood-forming or hematopoietic stem cells (HSC)
sive dose of 5-Fluorouracil (5-FU), a drug that inducesin adult bone marrow are the best-characterized stem
apoptosis in cycling cells. After the 5-FU treatment, Bro-cells. Five decades of studies, primarily in rodent mod-
modeoxyUridine (BrdU) retaining cells expressed Tie2els, have shown that HSC can differentiate into at least
and localized exclusively to the endosteal bone surface.ten mature blood cell lineages following in vivo trans-
BrdU-retaining cells are quiescent or slowly cycling, as
plantation and that single physically purified HSC are
expected for primitive HSC. Elegant histochemical stud-
both necessary and sufficient for lifelong sustenance of
ies demonstrate that the cells in contact with the HSC
physiologically normal blood systems. Recently, exten- are in fact osteoblasts and express Ang-1. Therefore,
sive genomic studies have defined global gene expres- an RTK and its cognate ligand are expressed in a com-
sion profiles of HSC and have therefore provided molec- plementary pattern. All of these observations are coupled
ular “parts lists” for these cells (Ivanova et al., 2002; to extensive functional studies that clearly demonstrate
Ramalho-Santos et al., 2002). Somewhat ironically, and a positive effect of Tie2 signaling on HSC properties.
in comparison to other stem cell systems, the bone Many of these studies employ surrogate in vitro assays
marrow HSC niche has been refractory to precise char- for HSC activity, but most significantly the authors dem-
acterization. In tissues such as the hair follicle, the intes- onstrate that Tie2 signaling maintains in vivo transplant-
tinal crypt, Drosophila germaria, and others, the respec- able activity during in vitro culture. Generally, in vitro
tive stem cells are located at precise positions in defined division of HSC results in a dramatic loss of in vivo
anatomical units (Fuchs et al., 2004). Therefore, it is activity. Therefore, the authors hypothesized that the
relatively straightforward to identify microenvironmental activation of Tie2 by Ang-1 prevents cell division. Using
elements of stem cell niches simply by physical proxim- an elegant vital dye dilution technique during the in vitro
ity. This ability has facilitated genetic, cellular, and mo- culture, this was indeed shown to be the case. These
lecular analyses of cell adhesion mechanisms, signaling studies are a clear indication that HSC self-renewal ac-
pathways, asymmetric cell division, and other pro- tivity can be maintained by preventing cell division. In
cesses critical for cell fate decisions. this sense, the present results dovetail nicely with recent
It has been suspected for a long time that bone mar- studies that implicate negative regulators of the cell
row HSC reside in close proximity to the endosteal sur- cycle such as p21, p27, as well as polycomb group
face of the bone and that hematopoietic differentiation gene products such as Bmi-1, and Edr-1 as important
proceeds radially toward the longitudinal axis of the regulators of HSC self-renewal. A major challenge for
marrow (Nilsson et al., 2001). Recent genetic studies the future will clearly be to uncouple cell division from
have demonstrated that osteoblasts are a crucial cellular the loss of stem cell properties. This will have important
element of HSC niches (Calvi et al., 2003; Zhang et al., clinical implications. The authors also perform elegant
experiments that show in vivo effects of Tie2 signaling.2003). Other studies have implicated a variety of extra-
Cell
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These experiments employ retroviral mediated gene Regulation of WASP:
transfer of Ang-1, as well as wild-type and mutant ver- PIP2 Pipped By Toca-1?sions of Tie2 into HSC followed by transplantation.
These studies clearly demonstrate that Tie2 activity in-
creases that proportion of quiescent HSC in vivo. Finally,
and perhaps clinically important, the authors show that Cdc42 is a key regulator of cell polarity and actin dy-
the administration of Ang-1 in vivo protects HSC from namics. One of its effectors, WASP, initiates the as-
the myelosuppressive effects of 5-FU or radiation. sembly of new actin filaments. In this issue of Cell, Ho
In summary, the studies by Arai and colleagues have et al. (2004) show that a previously unknown regulator
uncovered an important regulatory mechanism where named Toca-1 is required for Cdc42 to activate WASP.
HSC fate is controlled by signals derived from cellular This discovery changes our picture of how small
elements of the microenvironment. A key feature of GTPases and multiple other signals converge to stimu-
these studies is the strong suggestion that the Tie2/ late actin polymerization and cell motility.
Ang-1 signaling pathway is important for HSC function
in normal physiological contexts. This, of course, will Actin polymerization provides the engine that drives
need to be further verified by conditional knockout or multiple aspects of eukaryotic cell motility, including cell
other genetic techniques. These studies together with movement, adhesion, phagocytosis, and various as-
previous efforts now open a wide range of experimental pects of membrane traffic. Both genetic and biochemi-
possibilities. Clearly, a more precise definition of the cal evidence have shown the actin-nucleating Arp2/3
HSC niche is necessary, as it is very unlikely that a complex to be a particularly important regulator of actin.
“generic” osteoblast can function alone as the niche Two separate pathways, centered on the Arp2/3 activa-
cell. Ongoing studies that define the genetic profile of tors WASP and SCAR/WAVE, allow signaling molecules
HSC supporting stromal cell lines should provide a range such as Cdc42 and Rac, respectively, to control actin
of markers that could be utilized to more rigorously de- dynamics. The SCAR/WAVE pathway is relatively com-
fine the in vivo niche (Hackney et al., 2002). Finally, the plicated, involving a large assembly of proteins whose
stage is now set for exploring how other regula- functions are still poorly understood. WASP regulation,
tory mechanisms are integrated with Tie2/Ang-1, and on the other hand, was thought to be comparatively
whether these are activated by signals from distinct or simple—with unstimulated WASP held in an autoinhib-
identical microenvironmental cell populations. In addi- ited, inactive conformation, which unfurled and became
tion, one can envision future studies to explore other active upon stimulation by signaling molecules such as
processes such as asymmetric cell division with a similar Cdc42 and also the phospholipid PIP2. A paper in this
degree of precision currently possible in systems such issue (Ho et al., 2004) now proposes that WASP is also
as Drosophila or C. elegans. regulated through a protein complex, calling into ques-
tion some of our previous ideas about the differences
between WASP and SCAR/WAVE protein regulation.
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